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SCAL3! EFFECT Ol?MODEL IiV SEJKPLAXE-I’LOA’IIN’TESTIGATIONS*
-~..,...

By W. Sottorf
.. ..

-~;’According to the Froude method of testiilg with mod,els,
the resistance of a full-scale craft is determined froa
the formula

P 2 ~3+csF1~v2**17=-(w-crnfy)
2..——- b.—. /

1 1I 111

in which the term I represents the total resistance of the
model ; and term 11, the frictional resistance of the model:
aj~d term 111, the frictional resistance of the full-scale
craft. The frictional resistances II ai].d.III are calculat-
ed in the evaluation of the towing tests of ship models
with the aid of the empirically determined frictional coef-
ficients cm and cS, ‘whereby it is assumed that the ilature
of the flow is the se-me with the model and with the fulS-
scale float as with the flat surfaces used for determining
the frictional coefficieilts. It is also assumed that tile
wetted surfaces fl an~ ~1 are the same in motion as at
rest and that the local speed variations, whit’n occur on a
ship in contrast with a flat surface of almost zero dis-
placement, are negligible in their mean value in compari-
son with the model and ship speeds used in t-ne formulas.

The great coilversion accuracy of ship-model tests,
which average about t:2 per cent of the power and ‘+1per
ceqt of the propeller revolution speeds, shows that in

\

*lrUeber den Einfluss des Mode].lmasssta”bes bei der Unter-
suchung von Flugzeugschwimmern. ‘~ Z.FPN,, December 28,
1932, pp. 713-’719.
**~, w, total resistances of full-scale craft and of model.

~1, f!, wetted surfaces of full-scale craft and of model.
v, v, speeds in meters per second of full-scale craft

and of model.
Oss”a”ms coefficients of’friction of full-scale craft and

of model.
A, scale of model~
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such tests these “simplifying ass.umption.s in the conversion
formula are permissible.

In the ccmversion of the t-owing results of planing
water craft, i.ea, seaplane floats and planing boats, the
use of the above-mentioned conversion method is complicat-
ed and inpossihlo in practice:

3ecau”se the wett”ed surface varies with the speed ajjd
with the angle of trim at tho same speed, so that tho con-
version would have to be nado separately for overj~ test
point, for which the wetted surface would always have to
be measizred;

Because the idean velocity of the water along the plan-
ing surface differs considerably from the towing” speed, as
has been shown by pressure tests (reference 1) , so that
tile i production of the towing

$!
speed into tho conversion

formu’ a would lead to errors;

Because the detorainati.o.n of the frictional coeffi-
cients for tti.omodel is unrol.iable, SillCo, with small mod-
el scales, the frictional coefficients occur as functions
of Reynolds Number in a region w-nere, for the same values
of R,” they may have different values, according to which
boundary-layer condition occurs as a result of the condi-
tions of approach.

1. SCALE TESTS W~TH GLIDING SURI?ACES

For the purpose of solving all tile problems involved,
an investigation was made in t’he E.S.V-A. (IIamburgische
Schiffbau Versuchsanstalt) with flat, rectangular planing
surfaces. These experiments represeilt part. of a compre-
hensive program, the first results of which were reported

(See referencein Tlerft-Reederei--Ha,fen, November 7, 1929,
1.)

The investigation of a flat, rectangular planing sur-
face, which can be considered as the portion of a flat
float bottom lying in front of the step, has the advantage
that the frictional resistance can be determined directly
from the test results. lTormal and tangential forces act
.on the, lower side of the planirlg surface toned throug”n
still water, while the upper \side and the lateral edges
are uncler constant atmospheric pressure. Here it is as- ‘
sumed that. a separation of the water has occurred at the
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edges of the surface, whereby the pure gliding conditloh
is definedr According to Figure 1; with the assumption
of a nonviscous fluid- (c-&se a), asa result-of which the
tangential or frictional. forces disappear, the attainable
minimum of the resistance is

w = A tan czi

In,a viscous fluid with an additional frictional force T
we have

.

if A has been experimentally found to be consta%t. The
horizontal component of the frictional resistance is there-
fore

~R = ~tot - A tan a,

and the frictional resistance in the direction of the sur-
face is

For the determination of the frictional coefficient cf =
~

—-= it is also necessary to measure the wetted sur-

..>.,.
+:

face Fl, For this purpose a strip of glass is set into
the planing surface at one-fourth of the width, through
which the mean length 11 of the wetted surface is read
Oil a scale during the test.

For the determination of the means peed ~ms the lower

speed vu = f(a), obtained from tilo pressure rnea,surements
in the above-mentioned work and given in the table of “test
results, was used.

Experimental Program

Tine basis was the experiment with the planing surface
A i~aving the width “bl = 0.3 m (0.98 ft.), here numbered

,. Z, f’roihthe a-oove-rnentioned work; wild particularly the
test at v = ~ m/s (19~68. ft.,fsec.) with 18 kg (39.68 lb.),,
load. Accordir,g to Froudels law, we obtain for” a similar I
planing “surface of the width ‘bz, i.e.~ the scale L =
b2/l)x, the corresponding speed Va = ./x v~ for a similar
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load AZ = A3 Al. The test program for the six planing
surfaces investigated is accordingly as follows:

Surface

1
2
3
4
5
6

b

1/

v
m ms

0.600
0.300
0.225
0.150
0.100
0.075

8.48
6.00
5.20
4.24
3.46
3.00

A
kg

-——..-—
144.000
18.000
7.600
2.250
0.660
0,281 .,

The planing surfaces were towed with tbe constant load A
at constant speed v and variable moments M, and the
resistance, angle of trim and wetted length were measured.

Apparatus

The set-up (fig. 2) is the same in principle for all
planing surfaces, except that, with the great range in the
loads from A = 281 g (0.62 lb.) for the smallest area to
A = 144 kg (317 lb.) for the maximum area, changes had to ‘
be made in each case to correspond to the required accuracy.
The surface was suspended by two ve~tical wires which passed
over pulleys to the couiltermeights, 37 the mutual shifting
of which the moment and consequently the angle of trim
could be changed. The forward eild of the planing surface
was attached to a wire which led to tune dynamometer. The
dynamometer spring was calibrated by means of a wire ex-
tending aft from the same point, whereby allowances were
made for all the influences resulting from any slight dis-
placement out of line of the planing surface during the
test. For the sake of greater accuracy in measuring the
,smal~ forces of surfaces 5 an”d 6, the dynamometer was dis-
connected and the measurement was made as a pendulum meas-
urement with the” aid of a very weak spring. The planing
surfaces lay behind a windshield, so t-hat tile results were
not affected by t“he relative wind.

Result”s

In Figure 3 the nondimensioilal value c = l’J/A is plot-
ted””against a for all the surfaces tested. It is obvious
at once t’h”atall “the test points can be connected, with
very little scatteriilg, by curves in which the planing num-
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bcr c ~rowti-more unfavorable, tho smaller tho scale so-
~1.octod . It is .Qspoci?lly noteworthy that the. transition,
from tho condition in whi”ch tho latorxl edges aro not yet
fr.~e from tho water to tho puro planing condition, occurs
at a so much greater angle of attack the smaller the scale
is, as is “shown by the plotted li~iti”hg curve. This es-
tablishes’ a’lack of similarity in the form of flow at too
suall scales’. F’igure 4 shows, in the curves I, II, and
111, the region of Reynolds i?unbers in which the friction-
al” coefficients cf may differ” considerably from one an-
other, according to whether the developing boundary layer

....
,.,.

‘has a larnimar’ or turbulent character, or is turbulent with
laminar approach., -,,,.

Results of ?ests with Planing Surfaces

S.lrface 1; b = 0.6 ~l; A = 144 kg, V = 8.48 m/S

Surface 2; b ,= O.

[~-e.~.ilin. i

““”7 2 T& I 4,670
.8 3 47 3.050
““9 \ 3 58 ,2,918
~o\4.

‘lo” 2.700
11 “4 15 2.600
12 4’26 2.395
13 j5 8 1.935
14 5 12 1.885
15 31 l“.?17

~~16 1, .: .. 40+ d.1. 63.4
17 6 53 1.060
18 7 “1.000
19 7 54 , 0.783

;:
\ : “::.j :::::

.— .—. —..
*see footn~te”g-page 60

0.1403
oo~403°
0.1410
0.1403
0.1410
0.1438

i ““

1.430 8.75 X 10G
1.373 7.67 x 106
1.194 6.62 X 10G
1.122 6.62 X 106
1.000 5.45 x 106

I .. -
m; A=18kg; v = 6 m/s

0.1845
0.1600
0.1566
0.15:67
0.1540
0.1508
0.1442
0,1470
0.1460
0.1+60,
0.1505

! 0.1505
I 0.1595
\ 0.1”6S25

2.660’ 6.41 X 106”
2.145 ,4..22 X 10=
2.060,, 3.98 X 106
2.015 3’.68X 106
1.840 3*56 x 106
‘1.760 .3.26 X 10G
1.171 2.63 X 106
1.416 “2.545X 10s
1.308 2.28 X 10G
1.215 2.16 x 106
0.836 11.41X 106

‘ 0.765 1.315”x 106
~ 0.570 1.000X 106
‘ 0.450 I
Ioiosi :“-i.-.:. .. --

0.00279
0.00287
0.00285
0.00280
0.00285

0.00327
0.00335
0.00333
0.00348,
0.00339
0.00343
0.00317
0.00338
0.00332
0.00339
0.00331 .

L_
0.00334
0.00331

-—
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Results of Tqst~ with Planifig Surfaces (cent Id)

Surf ace 3 ; b’= 0.225 u; 4 =’ 7.6 kg; v = 5.2 m/S
I
I~. ~i~.

22
1~

27
23 4...
24 4 57
25 [5 37
26 G 41
26a G 40

26b, 6 38

26c t 6 38

27 7 48

Surface 4; b

28 2 59
29 4.19
30 ‘4 43
‘31 5 30
32 - 6 12
33 ,8

i
Surface 5; b

i“~ i
3.450 !p.17~o , 2*313 ;3q07 x 106 ~ 0.00355
2.850 I0.1622 i 1.995 ~2Y52 x 10G I :.:::;:
2.010 i0.1520 ] 1*355 \1*762X 10G
1.560 I0.1486 I lt090 ~1.3.GOX 10s 0:00372
1.11O !0.15?0 ! O~82S ~ Oq955X I@G [ 0.00374
1.110 O;152@ \ 0.828 ~0.955X 10G I 0.003’74

8$ roughened
1.125 Oq156C) ~ 0.828 - \ G.oo420

i 16$ roughened
1.145 i0.1333 \ 0*828 - ! 0.00541

I 1, 32$ roughened .
0.822 0.1613 ~ of580 ;0, G90X 106 ] 0.00371

= 0.15 m; A = 2.2S kg; v = 4.24 D1/S

3.500 0.2000 2.380 ~
2.457 0.1720 I 1.817 !1.~9 x 106 0.00439
2.053 ;0.1645 I 1.534 ~ 9.86 X lCS ‘ 0000452
1.598 0.1623 ~ 1.2e El~ El*lo x 105 0.00445
1C350 0.1578 ~ 0=993 I 6.37 X 105 C.00427
0.787 i0.1662 ; 0.504 !3.57 x’ 105 0.00411

!.
= 0.1 m; A=C ,s,50 kg; v = 3.46 m/s

1:?55 / 6.82 ~ 105 0.00634
1.565 I 5.59 X 105 0.00584
1.25”5 J 4..71 x los 0.0057”5
0,952 !3.97 X 105 ; OcO0574
0.640 ! 2.51 X 105 ~ 0.00573
0.444 !1.85 X 105 ~ 0.00651

i
34 2 53 3.900 ~ 0.2820
3.5 4 25 2.600 I0.2258
35 5 4 \ 2.150 C.2000
37. 5 29 I 1.320 0.1980
38 5 56 1.500 ] 0.1788
39 7 8 1.000 0.1726
40 8 0.750 \ 0.1803

i
Surface 6; b = 0.075 m; A = 0,281 kg; P = 3 m/s

41’2 59 3.860 ; 0q3220 ~ 2.300 i 6.63 x lo5 ~ 0900758
’42 3 42 I 3.200 Oo2825 ~ 2.”155 ! 5.42 x lo5 ~ 0..00757
43 4 50 2.200 0.2360 ‘ 1.450 [“3+82 X 105 \ 0.0076Q
44 6 1.535 j 0.2110 1.040 2q56 X 105 1 0.00806
45 ‘? k.000 1 0.1850 I 0>480 1.76 X 105! 0.006’75
45 8

3:,,
&;l&:;J ‘“434 ‘ 1940 x 105

0.00718
47 9 0.233 1.03 x 105 0.00372—. .-—..— .—..—. -——

=~ference point for th-e nome’nts is the
—,-,—.—

~~iling edge
of the gliding surface.
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Mean velocity on lower side of planing surface
. ,, .. ..yx~‘T-Vm

=3, .,,.
———— .—-— — ,-. --..-—... —

a 20 To 6° 80 1(-JO

Vn in % 0.4 163 3.4 7.2 13.2

I“fwe introduce into this diagram the friction coef-
ficients determined from the tests

~R COS ~ ,
Cf = —.— .—-

yl ~ +mz
z

in which v~ 1’”’ .
~R = Wtot - A tan a and R = —&-

,,

we find that the values corresponding to a single planing
surface are approximately constant and become greater, t~~e
smaller the value of tile mean Reynolds Number. In judgin,q
the scattering about the given mean value, it must be tak~n
into consideration that all the scattering’ is dne to t;:’.e
frictional resist~.nce used j.n the formula, so that it see:ns
to be by so much the ~reater, the greater the deduction ??f=
A tan a from tile total resistance is, i.e., at greater an-
.gleso Moreov<, tlie wettefl ].ength I* occurs as an cxperi- ,
mental value, and a slight error in readi:lg it may assume
considerable import,anco ‘for the smallest wo,tted lengths.

In appraising this. it can be asserted that a conjec-
ture voiced in certain q,utirtersilas not been borile out.
This was t-hat measuremer-ts made in this range of Reynolds
~um,bers might lead to incorrect results, because, immune
to external influence, differeilt conditions of the bound-
ary layer might appear, according to whether a test ruii
were macle in perfectly still water or in slightly roug~l wa-
ter. (Reference 2.) Since the individual test runs were.
made partly in perf~ctly still water (?:,tthe beginniilg of
the runs and after waits) and partly i’n rough water,” the
good IIliellof the experimental points sti.owsclearly that,
for “the time leing, there exis”ted only asingle stable form
of boundary, layer. :In order to determine whether the fric-
tion coefficients, Wiliclllie below the curve for the t-arbu-
lent boundary layer, Would fall :on this curve, if the lead-
ing edge of the wetted area were smoother, the following
successive tests were made on surface 3 for comparison with
run 26. In this rl~n the”’kurface had a wetted l~ngth of-~250
mm (9.84 in.). The surface was first roughened over a belt
of 20 mm- ,(0.79‘in.) in width., i.e., from 230 to 250 mm
(9.05 to 9.84 iii.) in its length’; then ~ver a belt 40 mh
(1.57 in. ) in wi~tli, from 210 to 250 mm (8.27 to 9.84 in.)
in its length; and lastly over a belt 80 mm (3.15 in.) in
width, from. 170 to 250 mm (6.7 to 9.84 in.) in its leilgth.
The results were as follows:

,..,
,...
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The first 8 per, cent roughening cauq.edno increase
in the resistance; the secoiui 16 per cent roughening
caused an increase of abow.t 12.3 per cent; and the third
32 per cent roughening, an iucrease of 31 per cent. Thi s
shows that a slight -rougheiling caused no change in the
condition of the boundary layer and that only extensive
roughening of the surface caused aa increase in the coef-
ficients.

,... .... The coefficients of different surfaces differ from
one another for the same Reyaolds Number, which is attrib-
utable to the fact that the load a~id the angle of trim of
the surfaces and hence the pressure increment affecting
the loundary layer are dissimilar at the lcadirig edge.

In Figure 5 tke surface coefficient F! /bz and the
moment coefficient M /A3 are plotted against a. For
both coefficients no systematic deviation from a mean curve
can be established, so that it can be said that in the in-
vestigated region tliere is similarity of ‘the wetted. areas,
similarity of the moments at the same angle of trim, and
consequently consistent similarity of press-~re distribu~i”on.

11. SCAL~ TESTS WITH FLOA~S,,

In the above-described series of tests the investiga-
tion was limited to a sing~e point of the pure planing
condition. It did not inclnde the region of the maximum
resistance of a float, which is of special importance in
the investigation of the float system. It is also neces-
sary to explain the infl-uence of the part of the float
behind the step, which during the larger part of the start-
ing run is in the spray and therefore consid~ra.bly increase-
s the frictional resistance.

.’ For this purpose the scale experi:’lents with floats,
w~}ich were begun by the D.V.L. (Ooutsche Versuchsanstalt
fur Luftfahrt) in the H.S.V.A. in 1929, were completed by
the H.S.V.A. according to a new experimental program ar=
ranged with a view to reducii~g the cost of the experiments.

These experiments began with a towing test of a s’in-
gle full-scale float of the type H~Sq ~ E with G = ~ the
gross weight = 1,20Q pounds, which was mad-e in the towing
tank with freedom to trim and with the weight on the water
~educed as t“he square. of the speed up to the ,maximum speed-
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of ‘9.5 ~/s’ (31.2 ft./see.).
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The applied lift was

E = G(v2/v 2), in w~iich vs = take~off speed =’‘23.33 ,m/s

(’76.54 ft.7sec. ).- No “d~oendence” of-%~e applied lift on,
the angle of attack was ~ntroduced, since it wasnot nec-
essary in a study of scale effect. The position of tile
c.g, with respect to heigb.t aiid length W3.S determined, as
likewise the point of application of ihe pull. T~~e”re-
sistance and angle of trin mere” uea,sured a~d also, at one
speed, the extent of the spray in a defii~ite pla,ae at
right ,nugles to the flo:~.t. As” fur’ther ‘scales-, ~ = 3, 6,
9, acrid12 were cilosen.

The tests wera made with all of”tho model flo<ats un-
der like experimental conditions on the ‘basis of tile Froude
model law. This s~ries of tests. showed the effect of the .
scalo on the resistance, angle of trim and spray formation
at the same no~~ilt of trim.

Two or tl.ree test curves were plotted. in the region
of the ‘ma,ximumresistance, either by bringing the models
to the same angle of trim as the full-scn.le fl..oatby vary-
ing the moment, or by estatlis’hing the dej?e:lden’ceof the
resistance and moment on tile angle. of trim by towi~~g with
two other constant loc,~tioils of the e.g., so that the cor--
respouding values for the ~l~gle of trin of tlie full-scale
float could be determiiled by interpolation.

As”a result of tilis series of experiments we ol)taiil
the scale effect on resist~zice and momezt at the same an-
gle of trim, i.e., the real scale effect from changing
the frictional coefficients, if it can be assumed that,
at the same ailgle of trim, the planing surfaces under
pressure and also the additional areas of the stern wet
by the spray ‘are similar? ,.,

Set-Up

0:1 the full-scale float there was”mounted a strong
channel section W-hich’‘had to a%sorb all the. forces. To a
cross arm were attached lines leading to the dyna~oometer
a-ridto counterweights simulating the wing lift. oil“the U
rail ran a sliding weight of 100 kg (220 13.) , by ~eans of
which it was possible to sh,ift t~~e c.g~ of the float. The
float was weighted with ballast ‘bags; “%hi’ch’were -cIaced
inside for stability. The fu].1-scale float and tile models
were all’ trimmed alike, as all had tlie e.g. in the sa:me”
relative position with respect to the “height and. length.
The tests were made ‘with the uodels as with tl?.oplariing
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surfaces, but with ~pparatus adapted to the forces to be
measured.

Res-&lts

In Figures 6 and .7 the resistance and angle of trim
of the full-scale float are plotted against v. ~ith t~:e
original location of the c.gc the tests could be carried
only to v = 8.75 m/s (28.7 ft,./sec.), since the angle of
trim becaqe too large beyond this point. A second test
was therefore made with an additional nose-’heavy moment,
at whicil even the maximum was fully included and could be
perfectly measured. .

In the diagrams, moreover, the curves for the resist-
ailce and angle of trim of the individual models are plot-
ted with W = w A3, The comparison of the results shotis
that, with the same momei~t, the maximum resistance <;iven
by the expression IV = w h3 is too iligh by

/

The angles of tr~m of the models at the maximum are some-
what’ more than 1 lower than the angle of trim of the
full-scale float. The maximums experience a slight dis-
placement toward higher speeds for smaller scales. Thi s
corresponds to the opinion that the relatively greater
viscosity of the mater witP. the small model cavses the
separation of the water to take place somewhat later.

,In I’igure 7, moreover, the resistances are plotted
for equal angles of trim, starting with the angle of trim
of the full-scale float. We obtain a resistance incremeat
of

8.5$ for ~ = 3, 17$ for ~ = 9S
10.5$ n h = 6, 25$ II A = 12.

In Figure 8 the perc~ntage of increase in the resist-
ance is plotted against . The va17.le A = 3 at u =
constant falls completely off the curve, since t-he resist-
ance changed greatly with a, because of a. change in the
angle of trim which was Unirnporta,iltin itself.

Before reaching the maximum resistance, the agreement
is practically perfect so long as the float has dot reachqd
the planing stage. A regular shift of the resistance and
angle-of-trim curve first begins with the transition from
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the floating to the planing stage. In the planing sttige
beyond the maximum the tests show th.a.tfor the same moment
the angle of trim increases as smaller models are used
(otherwise than in the results of the planing-surface
tests, which exhibited no definite tendency) , the shift
over the whole range %eing “nearly constant. The mean an-
gular difference %etweezi two of the chosen scales was
about. 1°. If W6 extrapolate withthi,s value on the angle-
of-trim curve for the full-scale float, we obtain the fol-
lowing approximate changes in the angle of trim. .

Scale Angle-of-trim increment
in the planing state

A3=, ,1°
h 20
~:: 3’3
A =12 40

The resistance increment is also approximately constant
for all scales over the planing range investigated, so
that the percentage increment increases as the speed is
increased Especially noticeable is the great increase
of the resistance in the transition from h = 9 to h = 12.
The influence of the increased resistance on the experimen-
tally determined take-off time, without correctioil for fric-
tion varies according to the magnitude of the available
excess propeller thrust. T“he take-off time iS

t . &f >--- dv*
gos-lv

If the resistance curve of the full-scale float is extrap-
olated from the experimentally determined. totiing curves,
the percentage increase in the take-off time would amount
to

- “---:2LIIZT5C5!IITIZ22!22!
~ “3,8 i 10.9 ..26 I 14620~ maximum exe; ss thr; st

40% h I 3..0 ~ 6.0 ! 12 34

*(+ = gross weight, ... , ,.
s = propeller thrust,

., . .

w = total resistance of water and air, ,

Vs = t’ake-off speed.

.,. . .,..--—.. -,. — .-..—. ..—
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Scale ‘Effect on Formation of Spray

In Figure 9 the..contour.s,of the spray are plotted, as
measured on the full-scale float and on the individual
models converted to full s“cale. The measurements were made
on the full-scale float for v = 8.75 m/s (28.7 ft./see.)
in the transverse plane 0.5 m (1.64 ft.) in front of tke
step and on the models at the corresponding speeds and at
the proportional distances in front of the ~tep. The max.
imum variation in the angle of trim was 0,5 .

In evaluatiilg the test it must be lorne in mind that
there is no sharp transition from the area covered by the
spray to the area that is free from the spray. Duriilg a
test therefore the measuring pointers are set as uniformly
as possible at the upper contour of the main body of the
spray.

The measurements plainly show that the relative
height of the spray decreases as the size of the model is
reduced, which can be explained, with constant surface
tension, by the formation of re~ati.v,ely larger drops. Al 1
float appendages in the lateral spray, such as auxiliary
floats, the wheels of amphibians, the sponsons of flying
boats, etc., are therefore too favora31y measured when the
scale of the model is too slfiall. The sane statement ap-
plies to twin floats, if t-hey strongly spray each othero
Figures 10 and 11 are comparative photo!~raphs of the :~od-
els at ~ = 3 and h = 12, res~ectively.

Choice of the Scale

If conclusions are to be drain from these data regard-
ing the choice of the scale, it should first be noted that
t~e scale effect var”ies as a frictional effect with the
size of the,mett,ed surfaces and t-hat, e.ga,” the sizo of
the wetted surfaces dep,ends considerably on the bottom an-
gle, so that these results can servo only as a “basis for
limiting tho scale. (Reference 3.)

The first requisite is tt.at the nature of the flow
shall be similar for the model and for the full-scale
float. It was found that, with planiilg surfaces 5 and 6,
even at medium angles of trim, the water still adhered to
tlhe lateral surfaces, although with wider surfaces the
pure planing phase had already begun.
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A
If CB=— the nondimensional load coefficient.. . .. - ..~?-jva.’ .,: ., ,.. -—-.

which equals 0.109 for all gliding surfaces, then the same
load coefficient for the float is reached at v = 12981

Gm/s (42..-03ft./see.) , since -E when .V
:-T” s = 12.81,
b.:zva

m/s and E = G
~a

— = 362 kg (798 ‘lb.). Here the float alsoVS2 .,

is in the pure planing phase. If me assume a planing sur-
face of the width of the float, 0.957 m (3.14 ft.), as
full-scale, for which the load ’would be 586 kg (1,2”92 lb.)
atv= 10.7 m/s (35.1 ft./see.), theti surface’ 5 corre-
Sponds”to ~ = 9m57 and surface 6 to h = 12.756 The
planing-surface t“ests show therefore that even below
AZ9 the form of flow is partially dissimil-ar. “The esp-
ecially great increase in resistance in the float tests
between h = 9 and 12 confirms this conclusion. In order
to determine whether this is also the case with a greater
load, e.g., for the load G - E = 948 kg (2,090 lb.) cor-
responding to the. full-scale float at 10.7’ m/s (35.1 ft./
sec.), a.check test was made. with the planing surface 6

with a similar load ~~ = 0.455 kg (1 lb. ) and cor-

responding speed, for tie purpose of observing the flow.
In this test it was found ‘that also up to ~igh angles, the
water adhered completely to the lateral surfaces~ It is
particularly noticeable that no real spray is formed as
with tb.e other surfaces, hit next to the planing surface
only waves with smooth surfaces whose elevation above the
water level is naturally lower than the top of the spray
of a full-scale float. Thus the result of the spray mess- -
urement of the full-scale float, is confirmed.

After it has been shown t]lat no conversion t,aki~g ac-

count of frictional resistances can be made, a second re-
quirement is made that the scale should be stichthat, even
disregarding the scale e,ffec,t,results Will “be obtained
which “will differ from ‘the’true values only within’ a conv-
ersion accuracy common in model tests. Th’e”float tests
show that, with a scale L = 4, the maximum resistance
is exceeded by loss than, ,5,p,,~,r,-,cent, the angle of trim at
the maximum ,and in the planing “con’d’~’tiondifTer’& b’y”’“ab,out
1°, and the take-off time is too high by 4 to 5 per, cent
at 20 to 40 per ceh~ ‘excess “thrust. ‘For this’ scale,” the
formation of the spray is practically tke, same as for thq
full-scale float, so t-hat all a~pendages are wet simila~l”y~,

i“”
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A = 4 can therefore be regarded as the proper scale for
testing floats of this size. In testing larger object$,
like flying boats, it is to be considered, in choosing the
scale, that, with the enlargement ,of the ‘planing surface?,
no further great change occurs in the frictional coeffi-
cients, as si~own by Figures 3 and 4. If, with respect to
the load, the single float of G/2 = 1,200 kg (2,646 lb.)
be regarded as tile model of a flying boat of (e.g.) 9,600
kg (21,164 lb.”) gross weight, an enlargement factor

~f . y3zh7
—- = 2 is obtained, i.e., the model of the fly-
1200

ing boat at t4e scale .~~1=4x2= 8 will yield approx-
imately the same accuracy of conversion as the float model
at the scale ~ = 40 A somewhat larger scale, about ~ = 6
is preferable even here, provided the experimental appara-
tus permits the testing of models of this size. The new
towing tank of the H.S.V.A. is equipped for testing such
large float models (Werft-Reederei-Hafen, 1931, No. 11) .

Discussion

&Wagner called attention to the fact that, accord--. —
ing to theoretical considerations, a spray must be thrown
forward by t,he planing surface and that the friction of
this spray on the part of the bottom exposed to it might’
‘be as great as the friction on the rest of the bottom.

~Sottorf replied that the spray as described by 17ag-
ner, did not form on the forward surface, and that only
with a medium V-shaped bottom was an adhering spray thrown
off laterally toward the front.

H.”Wagner stated that, mathematically, a considerable
portion of the resistance is.contained in the energy of
the spray and that its failure to appear in”’the test was
perhaps due to the atomization of the spray. ‘.The spray
corresponds (in the language of the wing theory) to the
loss of suction of the planing surface as compared with
the wing.

G. Weinblum had calculated the Sottorf tests and had
found that the wave resistance calculated according to /the
center-of-pressure theory (Hogner integral) agreed with
the resistance measured in the tests up to about 75 per
cent. He thought that the essential part of the resist-
ance was given by tile center-of-pressure theory.
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II. ITa.gnercalled. ;,ttention to “tilefact that the cen-——. ..
ter-of-pressure tileory assumed, an infinitely small angle
of trim. In uneven pressure reductions at the margin of
the planing surface, however, tl~e angle of tri~ becdme”s
finite, and spray ie formed. Tlzis ioathtimaticall~ deter-
mined phenomenon is not inc-luded .in the center-of-pressure
theory and therafore yields the-correct planing resist-
anco only in the few cases w-here, corresponding to the
sha,pe of the plate, ‘the pressure ”distribution’ i’suniform
at the. loading edge.

G. Weinblum was of the opinion that the center-of-—.--—
pressure theory gave the approxirnatelyc orrect resistance,
even for uneven pressure distribution.

H. Wagner stated that, as regards his .calcu~ation,— .—-. ----
the unevenness of the pressure a,t-the leading edge assumed
the character of a force concentrated along the edge and
that , therefore, the center-of-pressure method, as regards
the resistance, &oes not lead directly to correct results.
He stated that, among other things, he had discussed the
resistance of planing surfaces in am article soon to be
published (Z.f.a.lf.]:i., .August, 1932). In the limiting
case of iligh speed or,negligible acceleration due to grav-
ity, it was found that twice the resistance of a,planing
surface is equal to the resistance of a similarly shaped
wing minus tile suction force at the leading edge of the
wing. The increase in the resistance from. the subtraction
of thq suction force corresponds to the energy of the
spray. For a smooth planiag ‘Wlrface of infiilite span the
resistailce is therefore equal to the liftiilg force times
the angle of trim of the planing surface. In this limiti-
ng case, however, the center-of-pressure theory yields
zero resistance.

Translation by D~ight M. Miner,
National Advisory Committee ,
for Aeronautics

,
. .

.-
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Figs. 1,2

(a) (b)

Forces on flat ~~lanings-mfme i~orceson flat planing surface
with nonviscous fluid. with viscous fluid.

l?igure1.

I
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F~gure 2.-Diagram of test set-up.
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Figs. 3,4
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Fi5wre 3.- Planing number c plotted against angle of trim G.

Figure 4.- Coefficient of tractional resistance plotted against
Reynolds Number for flat planing surfaces;
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Figure 6.- Resistance and ailgleof trim for Ijil= constant”.
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scale for A= ~z~~~~ and 12 wi~n ~,hes~e moment of trim.
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Figure 7a.-Resistance and angle of
trim of full-scale float

for Mz= constant, along with resis-
tances and angles of attack convr,rted
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Figs. 7a,7b,8,9
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to full scale-for 1.,=,3,6,9,12with saiw

Figure l%.-Resistance of models
at same angle of trim

as fu].l-scalefloat.

Scale A

8 9 10 11
/Speed v in m s

TiOgure8.-l?ercenta.geincrease in
resistance at maximum

plotted a~ainst scale.

[F Distance from side of float in m.

Figure 9.- Spray formation measured on f~ll-scale float 0.5 m
(1.64 ft.) in front of step at v= 8.75 m/s (28.7

ft./see.) and on all models at same distance and at correspond-
ing speeds, converted to full-scale.
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Figs. 10,11

Figure 10.-A=3, a=6°, v= 5.5 m/s (18.04 ft./see.)
correspondingto V= 9.5m/s (31.17 ft./see.)

Figtwe 11.-A=12, a=6°, v.=2.%ds (9.02ft./eec.)
corresponding to V=9.5m/s (31.17 fto/sec.)
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